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@ A method for Isolating proteins from milk and a method for processing milk. 



@ This invention relates to a method for isolating 
jmnDunoglobulins, lactoferrin and lactoperoxidaso 
from milk, in which skimmed, non-steriiized milk is 
subjected to metal-chelate-interaction-chromato- 
graphy, comprising the consecutive steps of: 

a) contacting the milk with a transition metal 
which is chelated to a functional matrix having a 
high mechanical strength and a high porosity, as 
a result of which milk proteins are bonded to the 
matrix. 

b) removing the fraction containing mlik compo- 
nents not bonded by the matrix, and 

c) desorbing the proteins bonded to the matrix. 
The fraction obtained in step b) can be pro- 
cessed to a suitable product by contacting it at least 
once with a functional matrix as used In step a), only 
this time not charged with transition metal. 
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The invention relates to the isolation of the 
major antimicrobial proteins from milk, in particular 
a mixture consisting of Immunoglobulins (Ig), lac- 
toferrin (LF) and lactoperoxidase (LP). 

Immunoglobulins, lactoferrin and lactoperox- 
idase are proteins having antimicrobial and antiviral 
activity. They are present in milk In low concentra- 
tions, i.e. 0.5, 0.2 and 0.05 g/1, respectively. 

The antimicrobial effect of these components 
has been proven more than once: immunoglobulins 
affect the immune system; lactoferrin complexes 
iron as a result of which iron is no longer available 
for micro-organisms; lactoperoxidase is an enzyme 
which forms from hydrogen peroxide and SCN- 
(thlocyanate) a micro-organism inhibiting substance 
(OSCN-, hypothlo-cyanate). 

The isolation of lactoferrin and lactoperoxidase 
from milk and/or whey is described in Dutch patent 
application 86 O0231. US patent specification 
4,791,193 only discloses the isolation of lactoferrin 
from milk and/or whey. 

French patent application 2,452,881 discloses 
the isolation of milk proteins from milk and/or whey, 
particularly the isolation of a-iactalbumin and /3- 
lactoglobuHn. 

The first two methods mentioned above use 
cation exchange. The last mentioned method uses 
both cation and anion exchange and exclusion 
chromatography. 

Lactoferrin and lactoperoxidase have an iso- 
electric point pl>8, so that cation exchange is ob- 
vious at neutral or acidic pH. This results into a 
high purity, since all other milk proteins, which are 
present in a considerable concentration, have a pi 
of about pH 5. In the first two methods mentioned 
above it is possible to isolate lactoferrin and lac- 
toperoxidase without adjusting the pH of the raw 
material. 

The isolation of immunoglobulins using ion ex- 
change requires a pl-l adjustment of the raw ma- 
terial. Immunoglobulins have iso-eiectric points 
varying from pH 5.8 to 8.3. For efficient isolation by 
means of anion exchange the pH should be higher 
than 9 and by means of cation exchange the pH 
should be lower than 5. 

Consequently, if ion exchange Is used, a pH 
adjustment of the raw material Is required for si- 
multaneously isolating the three proteins mentioned 
above. If the raw material Is milk, the pH should be 
brought below 5 for cation exchange, which causes 
coagulation of the caseins. Anion exchange is also 
not quite efficient: at a pH higher than 9 lactoferrin 
and lactoperoxidase have a positive or neutral 
charge, so that they will not be isolated. 

The present invention provides a method for 
simultaneously isolating immunoglobulins, lactofer- 
rin and lactoperoxidase from skimmed, non-steril- 
ized miik in which these proteins are present in 



native form. The milk fraction obtained by this 
method, from which the mentioned proteins have 
been removed, in principle retains its original com- 
position, except for the absence of the isolated 

s proteins. 

The present invention provides a method for 
Isolating proteins from milk, characterized In that 
skimmed, non-sterilized milk is subjected to metal- 
chelate-lnteraction-chromatography, comprising the 

70 consecutive steps of: 

a) contacting the milk with a transition metal 
which Is chelated to a functional matrix having a 
high mechanical strength and a high porosity, as 
a result of which milk proteins are bonded to the 

75 matrix, 

b) removing the fraction containing milk compo- 
nents not bonded by the matrix, and 

c) desorbing the proteins bonded to the matrix. 
The method used is metal-chelate-interactlon- 

SQ chromatography (MClC) or metal-chelate-affinity- 
chromatography (MCAC). This form of chromatog- 
raphy uses the characteristic of transition metals to 
interact, in chelated form, with proteins containing 
at the surface one or more of the following amino 

25 acids: histidine, cysteine and tryptophane. Copper, 
nickel, zinc, cobalt and the like (alkali and alkaline 
earth metals) may be used as transition metal. The 
group chelating the metal is bonded to an inert 
carrier. As chelating groups may be used i.a. dl- 

30 and tris-acetate groups (e.g. Imino-diacetate, trls- 
carboxy-ethylene-diamine). 

The Inert carrier with the chelating groups bon- 
ded thereto is indicated as the functional matrix in 
the description and the claims. The principle of 

05 MOIC may be represented by the following: 

INNERT CARRIER— CHELATING GROUP- 
-METAL— PROTEIN 

MClC has been used for isolating immunoglobulins 
and lactoferrin from whey (J. Dairy Science, 71. 

40 1747-1755. iQ8&; Affinity Chromatogr, Biol. Recog- 
nit. 269-273, 1983) and lactoferrin from whey of 
human milk (FEBS letters, 75. 1. 80-92, 1977). 

The use of milk as raw material for MClC has 
not been proposed up till now. That is because on 

45 the one hand it is not attractive to use a valuable 
product such as milk for isolating only a few com- 
ponents therefrom. Whey, on the contrary, is in fact 
a waste product and isolating as many as possible 
components therefrom is commercially attractive. 

so Whey originating from the preparation of cheese, 
however, usually has been subjected to a heat 
treatment, so that the isolated proteins are partially 
or entirely inactivated. In addition, when preparing 
cheese a part of the lactoperoxidase ^ttvity 

35 precipitates, so that the whey originating therefrom 
is already much poorer in lactoperoxidase. 

On the other hand the use of milk as raw 
material for MCIG nas not been proposed up till 
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now as on© Is apprehensive of the coiumn, in 
which the matrix is preferably used, to clog, since 
milk has a higher viscosity than whey and more- 
over contains casein micelles having a diameter of 
30 to 300 nm. A higher counterpressure will appear 
as a result thereof when milk Is applied to the 
chromatographic matrix. This pressure may com- 
press the chromatographic matrix. If this compres- 
sion becomes too intense the column will clog 
eventually. It appeared that e.g. by using 
Sepharose 6B, which is mentioned In J. Dairy 
Science loc. cit.. the column will clog already after 
a short period at a linear flow rate of 150 cm/h. 
Even the cross-linked equivalent Sepharose CL- 
6B, appeared to be unsuitable when using 
skimmed milk. 

It has been found that particular matrices can 
be applied when using skimmed milk. The matrix 
should meet the following major requirements; 
a high mechanical strength and a high porosity. In 
general it can be said, that for a column having a 
length of 30 cm and when using a linear flow rate 
of 150 cm/h, the pressure should be in the range of 
0-5 bar and should be approximately stable during 
application of the sample. Examples of suitable 
functional matrices are: Chelating Sepharose Fast 
Flow (Pharmacia) and Amicon Cellufin Chelate 
(Amicon). 

In carrying out the present method the raw 

material does not need to be conditioned, i.e. nei- 
ther the acidity nor the ionic strength, nor any other 
physical-chemical parameter of the sample has to 
be adjusted. The bonding of the proteins con- 
cerned may be carried out at the natural pH and 
tonic strength of the milk. This Is contrary to other 
chromatographic techniques such as ion exchange, 
in which the pH plays an important role, or hy- 
drophobic interaction, in which ionic strength is 
very important In addition, the fraction containing 
unbonded components (flow-through) can further 
be used as a valuable intermediate product, since 
pH and ionic strength have remained the same. 
Since the isolated proteins are unstable when heat- 
ed and would be denatured during sterilization, the 
flow-through is substantially identical to ordinary 
sterilized milk or UHT-milk as far as active compo- 
nents are concerned. 

However, it has appeared that the fraction con- 
taining unbonded components shows a consider- 
ably increased metal content. It has appeared that 
milk, and more in particular the casein micelles, 
absorbs the metals very easily. Tests have proved 
that this problem hardly occurs when using whey 
as raw material. In the flow-through of whey the 
metal content has barely increased, while when 
using milk as raw material, a metal concentration of 
50 to 100 times higher is found in the fiow-through, 
even when only the first half of the column is 



saturated with the metal (50% saturation); the metal 
released from this first half Is then yet partially 
taken up in the second, unsaturated half. So as to 
enable further processing of this flow-through, it is 

s absolutely necessary to remove this metal. 

Now It has been found that the metals may b© 
completely or substantially removed from the frac- 
tion containing unbonded components of the milk 
by contacting it at least once with a functional 

10 matrix as used in step a), only this time not 
charged with transition metaf. In this manner the 
milk is depleted step by step in respect of the 
metals complexed on the casein micelles. 

Therefore, according to another aspect of the 

rs Invention a method is provided for processing milk, 
characterized in that skimmed, non-sterilized milk 
is subjected to meta!-chelate-interaction-chr- 
omatography, comprising the consecutive steps of: 

a) contacting the milk with a transition metal 
20 which is chelated to a functional matrix having a 

high mechanical strength and a high porosity, as 
a result of which milk proteins are bonded to the 
matrix, 

b) removing the fraction containing milk compo- 
25 nents not bonded by the matrix, 

c) desorbing the proteins bonded to the matrix, 
and 

d) contacting the fraction obtained in step b) at 
least once with a functional matrix as used in 

30 step a), only this time not charged with transition 
metal, whereby metal present in the fraction is 
completely or substantially removed. 
It is preferred to contact the fraction obtained 
in step b) 3-7 times batchwise with each time a 
35 fresh functional matrix in step d). 

The milk traction containing unbonded compo- 
nents thus obtained in step d) is in principle suit- 
able for consumption. However, it is paricularly 
advantageous and suitable to subject this mtik frac- 
40 tlon to a heat treatment, UHT or sterilization, and to 
add the isolated proteins thereto. In this manner a 
long-life milk is obtained wherein the mentioned 
heat-unstable proteins are present in native form. 
The method according to the Invention is de- 
45 scribed In detail hereinafter. 

The method may by be carried out batchwise 
and/or preferably continuously (In a column). In 
practice, the method comprises the consecutive 
steps of: 

so 1) Applying (chelating) the transition metal on 
the functional matrix. The degree of saturation 
(i.e. the gel volume saturated with the metal) is 
20-100%. 

2) Rinsing with water. 
55 3) Equilibrating with a buffer system (e.g. phos- 
phate buffer). 

4) Applying the raw skimmed milk and obtaining 
a continuous eluate. 
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5) Rinsing with equilibration buffer for removing 
the unbonded components. 

6) Desorbing the bonded connponents {Ig, LF, 
LP); this step may be effected in vanous man- 
ners: 

a) decreasing the plH (step by step or in 
gradient form): e.g. acetic acid/acetate buffer 
pH 3 NaCI (0-1 M). Adding salt may pre- 
vent precipitation of the desorbed proteins, 

b) increasing the pH to a value of 8-10. This 
has the advantage that the casein micelles, 
which remained in the matrix, are broken 
down. Moreover Immunogiobuiins are more 
stable at pH 9 than for Instance at pH of 3. 
Example: Trls-buffer NaCI 0-1 M. 

c) desorbing with distilled water, so that most 
proteins are desorbed, 

d) competitive Ilgands (e.g. imidazole, his- 
tamine, glycine, ammoniumchtoride, etc.) + 
NaCI 0-1 M, 

e) chelating components (e.g. EGTA, EDTA, 
etc.) + NaCI 0-1 M, or a combination of the 
above possibilities, e.g. first increasing the 
pH and then descreasing the pH, 

7) In the case of desorption by means of pos- 
sibility a, b, c or d: stripping the transition metal 
by means of chelating components (e.g. EGTA, 
EDTA, etc.) + NaCI 0-1 M. 

8) Rinsing with water. 

9) After treatment of the flow-through milk frac- 
tion by contacting it with a non-charged func- 
tional matrix. 

In the desorption fraction both Im- 
munoglobulins, lactoferrin and iactoperoxidase are 
recovered In native form. Isi the initial application of 
the sample /3-lactoglobulin, a-lactaibumine and al- 
bumine (BSA) are bonded too. However, these are 
substituted by immunogiobuiins, lactoferrin and lac- 
toperoxidase when further applying the sample. 

The protein preparation isolated by the present 
method, which preparation particularly consists of 
Immunoglobulins, lactoferrin and Iactoperoxidase 
may be formulated to pharmaceutical compositions 
or may be added to a plurality of nutrients. As 
aforesaid, preferably the protein preparation is ad- 
ded to the above-mentioned flow-through milk from 
which the metals are completely or substantially 
removed and which is then sterilized. 

Example 

A column having an internal diameter of 16 
mm and a length of 15cm was filled with 30 ml of 

Chelating Sepharose Fast Flow (Pharmacia). Half of 
this column was saturated with copper: 124 mg of 
CUSO4-.5H2O in 50 ml of distilled water. After rins- 
ing with water and equilibration buffer (phosphate 
0.05 M. pH 6.7) 960 ml of raw, skimmed milk was 



passed through the column at a linear flow rate of 
150 cm/h (300 ml/h). The unbonded substances 
were eluated with equilibraticn buffer. The desorp- 
tion was carried out by sequentially increasing the 

5 pH (Tris-HC1 0.1 M. pH 9) and decreasing the pH 
(acetic acid-acetate 0.1 M + NaCI 0.2 M, pH 3). 
Rnally the metal was stripped from the column by 
means of EDTA 0.05 M + NaCI 0.5 M. After each 
run the metal should be stripped, because part of 

10 the copper has already been lost in the flow- 
through and the copper still bonded has come 
closer to the exit of the column, so that the loss of 
copper would be greater in a next run. 

Totally 481 mg of protein was desorbed name- 

75 ly 315 mg of immunoglobulins, 74 mg of lactofer- 
rin, 57 mg of Iactoperoxidase, 15 mg of BSA and 
20 mg of a-lactalbumin. Thus, the purity of an- 
timicrobial substances (immuno-globultns, lactofer- 
rin and iactoperoxidase) was 93%. 

20 The content of copper in the flow-through was 

4.6 ppm. This was removed by contacting this milk 
batchwise 5 times with uncharged Chelating 
Sepharose Fast Flow. In a milk/gel ratio of 25/1. 
Each contact took place at 8" C for 1 hour. The 

25 final copper content was 72 ppb. 

The immunogiobuiins, lactoferrin and Iac- 
toperoxidase isolated in this manner were after 
filter sterilization (filter membrane 0.2 um) added 
asepticaily to the flow-through having the reduced 

30 content of copper ot 72 ppb after sterilization there- 
of, thereby obtaining a long-life milk having re- 
tained the activity of said heat-unstable compo- 
nents. 

35 Claims 

1. A method for isolating proteins from milk, 
characterized in that skimmed, non-sterilized 
milk is subjected to metal-chelate-interaction- 

40 chromatography, comprising the consecutive 

steps of: 

a) contacting the milk with a transition metal 
which Is chelated to a functional matrix hav- 
ing a high mechanical strength and a high 

45 porosity, as a result of which milk proteins 

are bonded to the matrix, 

b) removing the fraction containing milk 
components not bonded by the matrix, and 

c) desorbing the proteins bonded to the 
50 matrix. 

2. A method according to claim 1, characterized 
In that this method is carried out continuously 

In a column. 

55 

3. A method according to claim 1 or 2, char- 
acterized in that the transition metal is cop- 
per, nickel, zinc or cobalt 
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4. A method according to any of ciaims 1-3, 
characterized In that in step c) the proteins 
are desorbed by means of distilled water or by 
increasing the pH to a value of 8-10, after 
which any transition metal present is removed s 
by a chelated substance. 

5. A nnethod according to any o1 claims 1-4, 
characterized in that in step c) salt is added 

to a maximunn of 1 M during desorption. io 

6. A method according to any of claims 1-5. 
characterized In that the desorbed proteins 

mainly consist of immunoglobulins, iactoferrin 

and lacto peroxidase. t5 

7. A method for processing milk, characterized 
in that sicimmed, non-sterilized milk is sub- 
jected to metal-chelate-lnteractlon-chromatog- 
raphy, comprising the consecutive steps of: 20 

a) contacting the milk with a transition metal 
which is cheiated to a functional matrix hav- 
ing a high mechanical strength and a high 
porosity, as a result of which milk proteins 

are bonded to the matrix, 25 

b) removing the fraction containing milk 
components not bonded by the matrix, 

c) desorbing the proteins bonded to the 
matrix, and 

d) contacting the fraction obtained in step b) 30 
at least once with a functional matrix as 
used in step a), only this time not charged 

with transition metal, whereby metal present 

in the fraction is completely or substantially 
removed. 35 

8. A method according to claim 7, characterized 
in that the fraction obtained in step b) is 
contacted 3-7 times batchwise with each time 

a fresh functional matrix in step d). 40 

9. A method according to claim 7 or 8, Char- 
acterized in that the fraction obtained in step 
d) is subsequently sterilized, whereafter the 
proteins obtained in step c) are added thereto. 45 
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